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ABSTRACT 

' ' , ^ Can the laws of learning be applied in the classroom? 

The issue is whether control, over the stimulus affords 
management— control over the learning processes within the student. 

The S-R (stimulus-response) position in psychology; most notably 
associated" with Skinner, ,ten^s to accept and assert the affirmative. 
However, accumulated experience with programed instruction leaves 
some doubt' that effective and efficient instr ix:tional strategies can 
be derived' solely from behavioral psychology. -As'an alternative basis 
for deriving feaningful instructional strategies, cybernetics has 
much to recommend it. The principles of iterative feedback control 
and regulation in the instructional process are discussed in this 
paper. The use of these 'principles in recent instructional theories 
is briefly illustrated. (Author) , '' “ . , 
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The issue to- which this paper is addressed unquestionably merits the careful and 
conti::d:c” iSraticn of perLs en^ 

L"it rnt'X'Vtf ceSr tW topic in a brief space. Clearly, the logical 

dWunctio^n tt ti«^ is of. the inclusive type, that is, - poss.bly ,n the sense of a 

combination of- bpth. ' ^ thp laws of learning be applied in the 

classroom?’’ T^is^w^s the tit 1^ of a ^egaUve^anslr^ on ^ 

Kenneth Spence and Beaton ^ 

Xr .".^.";d”;a^on^s7 ;fyc^holo^. and the sccial.sciences as engineering is c 

ame. ne t>diu nrartice— esoeciallv preventive medicine— is to tne 

l7o'’^7s77e7(Me'’lton, 1959, p. 97). Clearly, this view makes it not permissible to 
View psychology as ‘ ^ori^^ a„ fundament, 

f tiro whnle of Dsvchological science that there is frequent, and ^ 

standable confusion between the terms ‘learning theory’ and^beiiavior theory^ 
On the other hand, the technology of educational methods it one means y 
7 1 do, all methods of management of the learning processes of o^s " 
ord;r to achieve certain prescribed behaviors or behavior capabilhies-is the 
fundamental technical question- in education, (p. yb) Pressey 

f c;:x ^^ftin^, rcr7ny7rrthrLto7^^^^^^^^^ 

known as programed .instruction, and L^rttaicnTTvI^belies 

associates in ‘"d^t'oua^ ^e^trafh of the matter is that we psychologists have been 

tXrX hrX7 « as a “ 3TS7 

concept structure known as “operant conditiwing. „„„Hnnent reinforcemeht or reward 
of respo7T7nia7X Xerby °'f3j,\=7the bSavto‘r°/anTe vLw"ar in 

^VfrJXucti™: Xe?7Tgo 

of operant conditioning ‘heir appheah^n ^ 

XTrf ,77mX=oftXir“ment^ontingeneies. In 
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principle, according to the Skinnerian view, it is possible to achieve total control over the 
learning organism’s behavioral forms in stepwise, cumulative fashion through the applica- 
tion of various schedules of reinforcement. These views are reflected in Skinnerian 
principles of programed instruction, for example, linear programs consisting of “small 
. steps,” ^djusting the program for minimal student errors (i.e., so as to maximize 
reinforcehaent from “correct” responding), or fading of cues or prompts, (see, e.g., Taber, 
• Glaser, andy Schaerfer, 1965).’ (Control itself is not the issue here, but rather the degree. of 
^ control and'its adequacy. 

Given the faith that with enough time and control over reinforcement contin- 
gencies, total control over behavioral forms can be achieved, it is surprising that Skinner 
himself (1948) should have called attention to a phenomenon he called “superstition.” In 
essence, it means that irrelevant response components that happen to receive reinforce- 
ment remain integrated into the response repertoire of the learner as expressed by the 
“shaped” behavioral forms. Obviously, it implies that the achievable degree of control 
over any organism’s behavior is less than total. In turn, that, implies that a probabilistic 
rather than_ a deterministic view of causality as represented by S-R linkages must be 
^maintained. Indeed, this is the view taken by Estes and Burke, and followers in what has 
come to be known as stimulus sampling theory (e.g., Estes-,_ 1959). It is significant that 
this approach to a mathematical formulation of learning and/or behavior theory is neutral 
as to its . empirical— that is .to say,' substantive psychological— underpinnings. We shall 
return tp this point. 

The issue of present concern is the validity of the prescriptions for instruction 
deriving from theoretical (or even atheoretical) descriptions of le.arning, and principally 
those stated in S-R terms. That validity would seem to be doubtful in view of the 
following examples of empirical results that are at variance with these prescriptions. While 
they happen to be aimed mainly at Skinnerian views, there’ is no intent to singla them 
out for special criticism. The examples are intended to be illustrative— net exhaustive— 
and Skinner /has been most explicit in his claims for instructional prescription. Similar, 
examples damaging to other learning theoretical positions can be found quite easily. That 
evidence supporting certain theoretical propositions can also be found is true, but 
. irrelevant to the present argument^ 

Cook- (1963), has shown that the concept of “superstition” applies to its own 
originator. In support of this contention. Cook exhibits figures representing some 
previously published data (Cook and Spitzer, 1960). He shows that the performance of a 
“no overt practice” group^as consistently and significantly superior to that of an “overt 
practice group.” Skinner insists on the importance of overt respondiiig by the learner, 
and also on the importance of reinforcing.a correct response only after \t has been made, 
while Cook shows that prompting .students, that is, furnishing the correct response to 
them before they • haw had time to attempt it themselves, produces consistently .and 
significantly superior performance. ' 

'■ Seidel and Hunter (1970), on the basis of massive and consistent) data, have shown 
that prompting or confirmation (i.e., immediate reinforcemrent) do r^^ce error scores for 
within-learning measures, but have the reverse effect for criterion test scores (Figure 1). 
This evidence is damaging to the Skinner theory, while other facets of the findings 
support Harlow’s (1959) Error Factor Theory. Kopstein has shown that neither fhe 
number of trials (Figure 2) nor the pacing or"' distribution of practice (Figure 3) 
determine amount learned. In both figures, it’ is shown that differences due to amount of 
study time (total learning time) are substantial and statis.ticall^ significant (p < .001); 
differences within levels of study time are non-significant.: That tl^is is related only to th^ 
total amount of time available for study or practice, has been since then confirmed by 
Bugelski ( J962) and others. .Examples of this type could be continued to show that the 
accumulated experience leaves room., for doubt that effective and efficient instructional 
strategies can be derived solely from behavioristic psychology. 

■ / 



Relations Between Learning Error and Criterion Test Error Under 
Prompting and Confirmation Conditions:^ Part III 
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Figure 1 



Melton’s dicta notwithstanding,. S-R psychology is not the sole relevant conceptual 
framework for education. A more broadly embracing model can be derived from' cyber- 
netics that Ashby (1956) described as follows; 

“Cyberr/etics deals with all forms of behaviour in so far as they are 
regular, or determinate, or reproducible. The materiality is irrelevant, and so is 
the holding or not of the ordinary laws of physics . . , The truths of cybernetics^ 
are no^t conditional .on their being derived from some other branch of science." 

(P- 1) • . • u 1 • . 

In short, here is an alternative conceptual approach— a formal one— with its .own behavior 

theory that can partly substitute for and partly augment psychology as the basis for the 

technology of educational methods. , 

Cybernetics applied to instruction is a methodology for vilidating the concept in 
arly psychology of learning. It is a means for bringing together the descriptive and tlm 
prescriptive rules. It does not perforce exclude Skinnerian .or any other concepts 
although we have exhibited evidence that the operant control processes are not fully 
adequate for respectively describing and prescribing human learning and instruction. The 
advantage of cybernetics is that it provides a methodological arena within which the 
predictive (prescriptive) power ' of the substantive and formal concepts (narnely, 
psychology ,of learning) can be properly evaluated. In, this sense it is a meta-model .for 

evaluating models within a discipline. '. . . , , 

Cybernetics is an enormously complex topic with a vast web of, implicahons, capable 
of'being viewed from many vantage points. It is concerned (Wiener, 1961) with regulation 
dnd control in the animal and Ihe machine. It is also a theory of process and of 
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fed back ‘to the input. In- plain woi;|ds, the teacher or regulator must be capable of 
diagnosing ^from the student's -inaccurate answer the etiology of his corrfusion and so 
rephrase his question as to clarify it for' the student who is thereby led to give a more 
nearly adequate response, and so forth. 

The strength of the cybernetic yiew is that it does not prejudge concepts. In this 
sense, it is parallel to stimulus sampling theory. Concepts are allowed to ‘develop or die' as 
. the system exercises therh as inputs, transformations, or outputs. (This strength in one 
sense is also a weakness not unlijje thdt of factor analysisr-substantive constructs are 
imposed to give meaning within the discipline concerned.) It is a .methodology for 
quantifying the characteristics of dynamic systems. / 

Stated thus, a cybernetic approach to -instruction may well seem trite and obvious. 
If this is so, the brevity of the presentation must be blamed, since cybernetics is 
conceptually very rich. Thus Pask (e-.g., 1960) has long pointed out that from a 
cybernetic point of view the interaction between a student and an instructional ragenl has 
the characteristics of a partially competitive, partially cooperative game for which models 
exist in matherriatical game theory. Similai'ly,’ he has called attention to the fact that 
several levels of language are' involved iKthe teaching-learning process (Pask, 1969). Most 
obviously, the learner’s language (symbolic control) must be descriptive of the learning 
problem at hand, while the instructor’s lahgua^ must be descriptive of the student’s 
language. Note that at least two levels of ‘abstraction are implied. More familial: is the 
notion advanced by Gagne (1965) of eight /hierarchically ordered types of learning. 
Though stated in S-R terminology, Gaghe’s conditions of learning. are much more closely 
allied to 'a cybernetic view than to S-R (al,sb; -Kopsteinr 1966). For example, it will be 
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Effects of Number of Trials on 
Amount Learned 



Effects of Distribution of Practice on 
Amount Learned 




Figure. 2 




problem-solving, and, since science is nothing but formalized problem-solving, it is 
certainly a'meta-theoty of science and of rational ideational processes. It is conventional 
t6 represent th^ principles of iterative feedback control and regulation thus. A dynamic 
process— let it be the learning process of a student— forms a “black box. ’ There are inputs 
of energy and of information to this black box as represented by the incoming arrows. 
There are also outputs of energy and of information as represented by the outgoing 
arrows. Measures of. the degree to which obtained output. deviates from expected 
are Ted back through controMoops so as to reduce the discrepart'cy between expected and 
obtained output. The transformation of input to output itself is eeen as. a series of small, 
stepwise changes (transformations) over time as causative factors operate on successive 
states of the process (black box) in such a Way as to converge on some desired state or 

outcome. ■ ' ' . . j r i.u ' 

In a learning-instructional process the initial input— a question posed, "tor the 

student— may produce an output or response by the student that is viewed as less than 
accurate. Simply restating the original question is unlikely to improve the situation, since 
no error (i.e., information about the degree of discrepancy and its dimensions) has been 
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recalled that Gagne describes for each type of learning a set of requisite conditions within 
the learner and a set Of conditions in the learning environment that serve to transform 
the state of the learner. In effect, each of Gagne’s learning types amounts to an 
integrjition of behavior at a progressively higher level of organization— a basic 'notion in 
cybernetics'!' • 

Game’s position.is all the more' fascinating because it appears to complement or to 
be-<r6mplemented by the algorithmic view of learning, thinking, and instruction advanced 
'"’by Landa (1968). In this view^ the successive algorithmic steps generate specific logical 
conditions that yield to appropriate logical operators (conditions in the learning environ- 
ment) so as to transform into a next set of logical conditions, and so forth. Landa’s 
work, although still quite inaccessible to anyone not Conversant with the Russian 
language, seems to be highly original aiid-stimulating, and also thoroughly cybernetic in 
its orientation. ' • 

In summary, this paper has sought to arouse interest in the proposition that 

• cybernetics provides an attractive alternative to, dr a complement for, S-R learning or 
i behavior theory as the scientific foundation for. instructional methodology. Although It 

has not been possible to illustrate here how cybernetics prescribes instructional strategy, 
brief allusions have been made to some' of the prominent representatives of a cybernetic 
approach. . 

Finally, the contraposition of “psychology or cybernetics” is open to differing 
interpretations. One may view cybernetics . solely as a meta-model, that is, a genei;al 
methodology ^f applied science, or one may view it as providing 'the explanatory 
substance (via its formal behavior theory) within the constraints imposed by the partic- , 
-ular biological framework of a given species. The former view leads to a position that can 
be characterized as “psychology and cybernetics versus psychology alone.” The latter 
view is- expressed in the title. ' • ^ , 

Professor L.N! Landa' has provided the- following comment-on this issue: 

“ . . . [It] seems to me debatable . . . that cybernetics can substitute for 
psychology as the basis for" the technology of educational methods. 

“It mig'ht be • true if cybernetics were to be considered as the general basis 
for th^ development of educational methods, but instruction (and education in 
. general) is a specific form of control (in the cybernetic sense). Therefore, in 

constructing an educational method it is necessary to take into consideration 
' _ not only the general laws of control (they are necessary, but not sufficient), 

but specific ones as well. These latter ones can be identified and given to us by 

• ' , a psychology based on cybernetics. I would put the issue not as ‘cybernetics 

^ (nstead of psychology’ but as ‘psychology with, cybernetics as its general base’.” 
Perhaps" it makes little immediate prachca/ difference Whether psychology is 
> considered as a special case of cybernetics, or whether cybernetics iss- considered the 
meta-model for the science of psychology. At the cunent level of' sophistication in the 
“technology of educational ifiethods” efforts at theory development,^ experimentation, 

' apd explanation are likely to result .in essentially the same kinds of activities. Clearly, 
either point of veiw will free researchers from theoretical and paradigmatic restrictions 
(cf.,. Kuhn, 1962) inherent in the behavioristic lanjgupge of classical S-R psychology. 
Either view of cybernetics vis-a-vis psychology can beneficially affect the selection of data 
elements and their coriceptual organization within the psychology of learning and its 
application to instruction. • : 



' Personal communicalio,n. 
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